4) a single middle colic trunk before its division into the right and left branches, and 5) separate origin of the right colic artery. Of the 54 patients (Table 2) , 4 did not undergo surgery because of clinical disease progression and were excluded from further analysis. Thirty-four of these 50 remaining patients did not undergo colonic interposition surgery for various reasons. Specifically, they were either found to be inoperable at the time of surgery (n=7), or underwent jejunal interposition (n=4), esophagogastrectomy (n=13), gastropharyngostomy (n=2), esophagojejunostomy, gastrojejunostomy, partial resection of the esophagus, hiatus hernia repair, dilatation, pectoralis major muscle flap repair, or gastrostomy (n=1, each). One patient with thyroid cancer did not require esophageal surgery.
The 16 remaining patients who underwent esophageal replacement surgery had colonic interposition surgery. These patients all had suitable angiographic anatomy for left colonic interposition; however, in one case, the left colon was not viable after a clamping trial due to venous congestion and the surgeon performed a right colonic interposition instead.
Of the patients who underwent colonic interposition surgery following angiography, six had no surgical complications. One (6.25%) had an anastomotic leak with necrosis requiring resection and formation of a cervical esophagostomy and two (12.5%) had anastomotic leaks without evidence of necrosis and were managed conservatively. One of the supine position. Typically, the right common femoral artery is accessed using an 18-gauge needle, which is then exchanged over a 0.035-inch wire with a 5 F×10 cm vascular sheath. Next, the celiac artery, superior mesenteric artery (SMA), and inferior mesenteric artery (IMA) are often accessed in a sequential manner. Digital subtraction angiography is occasionally performed in multiple obliquities to better define the vascular anatomy when necessary. Typically, a Cobra catheter is sufficient for catheterizing the mentioned arteries; however, other reverse-curved catheters, such as a Simmons catheter, are sometimes necessary. The angiograms are evaluated in detail to document any evidence of variant or abnormal vascular anatomy and atherosclerosis.
Results
During the study period, 54 patients underwent mesenteric angiography before esophageal reconstruction. Twelve patients underwent surgery for benign causes and 42 patients underwent surgery for malignant causes. Twenty-six patients had undergone previous esophageal or gastric surgery; one patient had prior abdominal aortic aneurysm repair and four patients had a history of prior colonic surgery.
On angiography ( Non-visualization of the right colic artery 2 (3.7)
Non-visualization of the middle colic artery 2 (3.7)
Non-visualization of the IMA 2 (3.7)
Common origin of the right and middle colic artery 1 (1.9)
Pseudoaneurysm of the SMA 1 (1.9)
IMA, inferior mesenteric artery; SMA, superior mesenteric artery. these patients subsequently developed an anastomotic stricture requiring multiple dilatations. Two additional patients also had anastomotic strictures that required multiple dilatations.
Other complications included a superficial stitch, fluid collection in the neck requiring drainage, anterior abdominal wall abscess, multiple episodes of small bowel obstruction secondary to adhesions, and dysphagia caused by external compression of the conduit requiring esophageal stenting (n=1, each).
Discussion
Approximately 10% of all patients who undergo esophagectomy and esophageal replacement surgery will develop conduit ischemia or an anastomotic leak, with mortality rates of 14% and 12%, respectively (3). Briel et al. (3) found that, in patients who developed clinical graft ischemia, one-third healed without complications, one-third developed a stricture without a leak, and one-third developed an anastomotic leak, of which half developed a stricture. Consequently, the combination of ischemia and an anastomotic leak significantly increases the risk of stricture.
In patients who develop an anastomotic leak without ischemia, about half develop a stricture and half heal without complications (3) .
An intact colonic vascular supply is essential to the success of colonic interposition surgery, whereas a compromised vascular supply may contribute to graft ischemia. The blood supply to the colon is derived from branches of the SMA and IMA (Fig. 1) , with the former supplying the right colon (cecum, ascending colon, hepatic flexure, and proximal transverse colon). In <1% of cases, the SMA origin is fused with the celiac artery, creating a celiacomesenteric trunk (4) . A common origin of the SMA and one or more of the main branches of the celiac trunk is present in 7% of cases, but it involves the splenic artery in about 1% of cases (5) .
Angiographic patterns of the SMA anatomy have been divided into five categories based on the work of Sonneland et al. (6) . Type 1 consists of patients with the most common, classical arterial configuration, consisting of three dominant branches supplying the right colon: the middle colic, right colic, and ileocolic arteries. Patients with an absent right colic artery are classified as type 2, and patients with an absent middle colic artery as type 3. Type 4 is characterized by multiple right colic arteries and type 5 patients show multiple middle colic arteries. Multiple variations in the middle colic artery have been described, including an aberrant origin, complete absence (in up to 25% of individuals), and presence of an accessory or double middle colic artery (~10%) (7) . The right colic artery shows the greatest variation among the colic arteries. It directly arises from the SMA in about 40% of individuals, from the middle colic in 30%, the ileocolic in 12%, and may be absent in about 20% (7) .
The arterial supply to the left colon is from the IMA by means of its left colic and sigmoid branches. There are three branching patterns of the left colic artery (4). In type 1, the left colic artery arises from the IMA; in type 2, the left colic and the first sigmoidal artery have a common trunk; and in type 3, the left colic and first sigmoidal arteries arise simultaneously from the IMA.
The mesenteric circulation has a rich system of collateral vessels (Fig. 2) that provide a potential mechanism for maintaining adequate perfusion to the colon when major mesenteric branches are surgically ligated. These collaterals, which play an important role in colonic surgery, are those between the SMA and IMA, and primarily include the marginal artery of Drummond (8) and the arc of Riolan (9) (Fig. 3) . The meandering artery of Moskowitz represents an additional collateral pathway between the SMA and IMA (Fig. 2) ; however, some controversy exists regarding the true origin of the meandering artery of Moskowitz, because some believe that it represents a dilated arc of Riolan, whereas others believe that it is a separate discrete anastomotic channel. The meandering artery of Moskowitz courses along the base of the colonic mesentery and represents a connection between the proximal segment of the middle colic artery and the ascending branch of the left colic artery (10) .
The marginal artery of Drummond is the major collateral arcade between the SMA and IMA, is located within the mesentery of the colon, and lies about 2-3 cm from the mesenteric border of the bowel supplying the vasa recti ( Fig.  3b and 3c ). This collateral arcade is composed of branches from the ileocolic and right, middle, left colic, and sigmoidal arteries. The marginal artery is usually a continuous vessel that runs parallel to the colon; it is better developed in the left colon and is inconsistent or poorly developed in the right colon in 25%-75% of patients (8) . There are two watershed points: the Griffiths' point at the splenic flexure where branches of the middle and left colic artery meet, and the less important Sudek's point at the rectosigmoid junction where the last sigmoid branch and the superior hemorrhoidal artery meet. The arc of Riolan (Fig. 3c) represents a set of collateral branches located centrally within the mesentery and forms a communication between the middle colic and left colic arteries in a region that usually does not have major branches. It is present in 7%-10% of the population (9) .
Our study showed that 65% of patients demonstrated suitable anatomy for left colonic interposition, which is less than the 84% reported by Peters et al. (2) . In addition, we found that the middle colic artery is absent in 3.7% of patients, an incidence much less than the 8%-25% incidence previously reported (6, 7). Similarly, the incidence of other anatomic anomalies excluding colonic interposition surgery was also decreased as compared with prior reports. These anomalies included double middle colic arteries (3.7% vs. 10%-12%), absence of the right colic artery (3.7% vs. 20%), and common origins of the right and middle colic arteries (1.9% vs. 30%) (6, 7). The lower incidence of anatomical variants in our study population is probably due to our small cohort number.
Patient follow-up ranged from 1 to 62 months, with a mean follow-up of 19.3 months. Our postsurgical complication rates of graft necrosis (6.2%), anastomotic leak (12.5%), and anastomotic stricture (18.7%) were similar to those previously reported (Table 3) (1, 3, (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) Of these studies, five (including ours) routinely used preoperative angiography in all or a defined select group of patients, two did not use routine preoperative angiography, and six did not report whether preoperative angiography was used. The rate of graft necrosis ranged from 3% to 5% in those who did not routinely perform preoperative angiography; 3% to 9.6% in those who did perform angiography in all or a predefined select group of patients; and 0% to 9% in those who did not report if they did or did not perform angiography. The rate of anastomotic leak ranged from 4% to 10%, 3.3% to 14.8%, and 0% to 30%, and the anastomotic stricture rates were 13.5%, 2.3%-24%, and 4.5%-19% in each of these respective groups. It is likely that a greater number of colonic interposition surgeries are performed at our institution because preoperative angiography is not the standard practice. Therefore, the extent to which complications secondary to ischemia arise from aberrant vascular anatomy and vascular disease is unclear. In cases where preoperative angiography was not performed, computed tomography (CT) angiography studies may have been performed for evaluation of the mesenteric vasculature. Cases where only CT angiography was performed before colonic interposition surgery were not captured from our departmental database using the search terms selected. A limitation of our study is the small number of patients who underwent colonic interposition (n=16); however, when we include all of the studies analyzed in this paper, there were 308 patients in the group where routine angiography was performed, 321 in the group where angiography was performed in all or a predefined select group of patients, and 694 in the group where routine angiography performance was not reported.
In conclusion, there is no significant difference in the rates of complications secondary to ischemia (graft necrosis, anastomotic stricture, and anastomotic leak) in patients who undergo routine preoperative angiography as compared with those who do not.
